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Abstract  
Coal bottom ash (CBA) is an industrial waste product from thermal power 
plants which generate electricity through coal combustion. With an ever 
increasing population, the demand for electricity increases hence 
leading to a higher output of CBA. CBA often ends up in disposal ponds 
and this gives a bad impact to the environment. To solve this issue, CBA is 
used as a low-cost and environmentally-friendly material in the 
construction process. Many researchers focus on the properties and 
durability of concrete with Bottom Ash (BA) as a sand replacement. In 
conclusion, CBA concrete can be used in the construction industry as it is 
a cheaper and more environmentally-friendly alternative. 
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1. INTRODUCTION 
Coal is used to generate electricity in thermal power plants. It is normally 
burned in a furnace and the end product is coal ash [1]. There are four 
thermal power plants which use pulverised coal for the generation of 
electricity in Malaysia. These include Jimah in Negeri Sembilan, Kampar 
in Selangor, Manjung in Perak and Tanjung Bin in Johor. Tanjung Bin 
power plant is the biggest thermal power plant in Peninsular Malaysia. 
Coal ash can be divided into two different types namely, fly ash and 
bottom ash. About 80-90% of fly ash which is collected from flue gas 
whereas bottom ash is found at the bottom of furnace in percentages 
ranging between 10-20%. The Tanjung Bin thermal power plant 
generates 18,000 tonnes of waste ash from coal combustion. This means 
that 1600 tonnes of fly ash and 180 tonnes of bottom ash are produced 
daily [2].  
Fly ash is normally used in construction work as cement replacement in 
concrete as it has similar properties as Portland cement. However, 
bottom ash is usually disposed of in ponds, rivers and landfills [1,3]. In 
addition, it can cause harm to human beings, the ecological system 
and soil conditions [1]. To solve this problem, many researchers have 
begun to conduct studies on the application of bottom ash as a 
possible replacement for sand in concrete in order to protect the 
environment and cut costs. In India, bottom ash is used as a base 
material in road construction work. On the other hand, bottom ash is 
also used in construction and pavement work since the supply of 
sandstone is limited in Taiwan [4-5]. Coal bottom ash has a particle size 
similar to that of natural sand because it has interlocking characteristics.  
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2.0 PROPERTIES OF BOTTOM ASH 
2.1 Physical Properties  
Coal bottom ash is usually a well-graded material and its particle size 
distribution is similar to that of river sand. The particles have interlocking 
characteristics. Coal bottom ash is lighter and more brittle as compared 
to natural sand [1]. Table 1 shows the physical properties of CBA from 
previous research. The low specific gravity of bottom ash is explained by 
its low iron oxide content. Bottom ash with a low specific gravity has a 
porous texture that readily degrades under loading or compaction. 
Bottom ash derived from high sulphur coal and low rank coal is not very 
porous and can be quite dense. Bottom ash is usually a well-graded 
material although variations in particle size distribution may be 
encountered from the same power plant [4]. Fig 1 and 2 show the SEM 
of coal bottom ash from two different thermal power plants. 
Table 1: Physical properties of bottom ash 
Physical properties [6] 
 
 
 
 
 
 
[9] 
 
[10] [11] 
Specific gravity 1.39  2.22 1.88 1.39 
Water absorption 
(%) 
31.58  20.15 11.61 31.58 
Fineness modulus 1.37  2.71 3.44 1.37 
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Fig. 1: Scanning electron microscopy (SEM) of coal bottom ash 
particles [10]. 
 
 
Fig. 2: SEM morphology of coal bottom ash [11]. 
2.2 Chemical properties 
Coal bottom ash consists of silica, alumina and iron with small amounts 
of calcium, magnesium and sulphate. The chemical properties of 
bottom ash are compared with different sources of coal as shown in 
Table 2 [4].  
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Table 2: Chemical properties of bottom ash 
Chemical 
compositi
on (%) 
 
[6] 
 
[7] 
 
[8] 
 
[9] 
 
[10] 
 
[11] 
SiO2 56.44 52.4 56.0 62.32 45.3 47.53 
Al2O2 29.24 27.5 26.7 27.21 18.1 20.69 
Fe2O3 8.44 6.6 5.80 3.57 19.84 5.99 
CaO 0.75 2.4 0.80 0.50 8.70 4.17 
MgO 0.40 1.83 0.60 0.95 0.69 0.82 
Na2O 0.09 0.36 0.20 0.7 - 0.33 
K2O 1.29 3.48 2.60 2.58 2.48 0.76 
TiO2 3.36 0.97 1.30 2.15 3.27 - 
P2O5 - 0.12 - - 0.351 - 
SO3 0.24 0 0.10 - 0.3 1.0 
LOI 0.89 3.8 4.60 - 0.1 - 
 
2.3 Durability 
In accordance with the definition given by the American Concrete 
Institute, “durability is the ability to last a long time without significant 
deterioration” [4]. A durable material helps the environment by 
protecting resources and reducing waste. This is because the 
production of replacement building materials will save natural 
resources. In this study, the permeability and resistance of bottom ash 
towards aggressive environmental conditions are discussed. 
 
2.3.1 Permeability 
The size, distribution and continuity of pores in cement paste as well as 
the permeability of fine aggregate can affect the permeability of 
concrete. According to previous research, bottom ash has the ability to 
increase the permeability of concrete. A higher content of bottom ash 
in concrete structures can lead to higher permeability. There are many 
factors which contribute to increased permeability of coal bottom ash 
concrete namely, the porous microstructure of coal bottom ash, the 
demand of mixing water and an increased loss of water through 
bleeding. Lower permeability happens when the concrete is mixed with 
a small amount of water and a longer curing duration [3]. A looser 
microstructure is obtained If more free water is used that that of normal 
concrete. Fig. 3 shows the average permeability of various particle sizes 
Concrete Technology: Research and Application Series 1 
  
5 
 
and w/c ratios. The result show that the highest value of permeability is a 
pore-filling ratio of 40% along with a w/c ratio of 0.3 [12]. 
 
Fig. 3: The average permeability coefficient with various particle sizes 
and w/c ratios [12]. 
 
2.3.2 Abrasion resistance 
 
Abrasion resistance happens when the cementation paste and fine 
aggregate of the top mortar are very moist. Bottom ash particles are 
porous and less stiff compared to river sand particles. As bottom ash is 
porous and moister than river sand, it decreases abrasion resistance [4].  
Fig. 4 shows the difference in abrasion resistance of bottom ash 
concrete. Concrete A uses sand from Ghaghar River with a fineness 
modulus of 1.97 whereas Concrete B uses sand from Pathankot quarry 
with a fineness modulus of 1.97 [1]. 
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Fig. 4: The result of total charge passed, in coulombs, of concrete at 28 
days and 90 days [1] 
 In fig. 4, there were increasing types of variation in terms of depth 
of wear for concrete samples with different percentages of coal bottom 
ash at the age of 28 days. For concrete ‘A’, the depth of wear was 
10.03 % and 42.59% for control concrete and 100% of CBA concrete. For 
concrete B, the depth of wear was 7.39% and 82.66% for control 
concrete and 100% of CBA concrete respectively’.  At the curing age of 
90 days, there was an increase in the depth of wear namely 4.24% for 
control concrete and 31.64 % for 100% of CBA concrete for concrete ‘A’ 
whereas for concrete ‘B’ there was an increase in value between 
10.26% and 43.88%. The lower variation in depth of wear along with the 
curing period happened due to the hydration process and the 
pozzolanic reaction of waste bottom ash. After a curing period of 365 
days, the depth of wear for concrete ‘A’ was 4.32% and 35.5% for the 
control concrete and CBA concrete respectively while the depth of 
wear for concrete ‘B’ was 4.40% and 39.8% for the control concrete and 
CBA concrete respectively.  
 
2.3.3 Chloride penetration resistance 
Chloride penetration resistance serves to determine the service life of 
steel reinforced concrete that is exposed to marine surrounding areas. 
There are many research studies about the effects of fly ash on the mass 
transfer characteristics of concrete but there is a lack of data on the use 
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of bottom ash as a replacement for sand aggregate in concrete mixes. 
The measurement of chloride ions depends on the sample concrete. 
Table 3 shows the data values of FB mixes for curing periods of 90 days 
and 365 days respectively [5]. Fig. 5 shows the RCPT values by using a 
mix of foundry sand and bottom ash (FB) for curing period of 90 days 
and 365 days respectively [13]. 
Table 3: Charge passing and rating for FB mixer [5] 
Mix Charge passed in 
coulombs (90 days) 
Charge passed in 
coulombs (365 days) 
Chloride-ion 
penetrability 
CM 578 323 Very low 
FB10 628 357 Very low 
FB20 616 306 Very low 
FB30 600 321 Very low 
FB40 664 383 Very low 
FB50 652 377 Very low 
FB60 741 486 Very low 
 
 
Fig. 5: Control and FB mixes with charge passed at different ages [13] 
 From the results shown, the values of RCPT decreased with the 
increase in age. The values of RCPT for FB mixes at 90 days was more 
than the control except for FB20% and FB30%. However, FB60% obtained 
the highest value. Chloride penetration is affected by the type of 
cement, curing conditions, water table ratio and testing age. Previous 
research found that RCPT values tend to be very low when FB was 
present. However, good permeability was demonstrated when more FB 
was added to the concrete mixes [13]. 
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2.3.4 Drying Shrinkage 
Table 4 shows a summary of research studies which utilised bottom ash 
as sand replacement in concrete. The physical properties of CBA can 
affect the outcome of the drying shrinkage test. 
Table 4: Previous research studies which incorporated bottom ash in 
concrete 
 
2.3.5 Compressive Strength 
Compressive strength is the most important concrete property. Other 
features, such as tensile strength, flexural strength, modulus of elasticity, 
water tightness and durability are closely related to compressive 
strength. Many models have been proposed to assess concrete 
compression development [17]. The compressive strength of the 50 mm 
cubic specimen is usually higher than the 40 mm compressive strength 
of cubic specimens [18]. Table 5 shows a summary of the results from 
previous research on coal bottom ash. 
Table 5: Previous research on compressive strength 
No. Author / Year Title Outcomes 
1. Singh & 
Siddique 
(2015) [1] 
Effect of coal bottom 
ash as partial 
replacement of sand 
on workability and 
strength properties of 
concrete 
The compressive strength of the 
bottom ash under 28 d is comparable 
with the control concrete as all sand 
replacement levels have a finer 
modulus of 1.97 in concrete 'A' and up 
to 50% sand replacement level which 
has a finer modulus of 2.58 in concrete 
'B'. For concrete 'B' which contains 
Author/ 
Years 
Title Outcomes 
Singh and 
Siddique 
(2014) 
[14] 
Compressive strength, 
drying shrinkage and 
chemical resistance of 
concrete incorporating 
coal bottom ash as 
partial or total 
replacement of sand 
The increasing percentages of 
bottom ash in concrete resulted in 
the decrease in dry shrinkage from 
520x 10‾⁶  to 326.67 x 10‾⁶ . The 
study incorporated 100% of CBA 
as a replacement of fine 
aggregate in concrete samples 
which were cured for 180 days. 
Rafieizonooz 
el,at. (2016)  
[15] 
Investigation of coal 
bottom ash and fly ash 
in concrete as 
replacement for sand 
and cement 
Incorporation of CBA as sand 
replacement in concrete mixture 
resulted in better stability. The 
physical properties of CBA caused 
a  decrease in dry shrinkage. 
Cadersa, 
A.S., & 
Auckburally, 
I. (2014) 
[16] 
Use of unprocessed Coal 
Bottom Ash as partial 
fine aggregate 
replacement in 
concrete 
Dry shrinkage decreased when the 
concrete mix contained increasing 
percentages of coal bottom ash.The 
dry shrinkage of concrete containing 
between 20% to 80% of CBA was 
observed to be between 15.45% - 
25%.  
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more than 50% of coal bottom ash, the 
28d compression strength decreased 
significantly. After 28d of curing, 
delayed hydration and pozzolanic 
activity of coal bottom ash caused a 
significant increase in the strength of 
compressive strength of the bottom 
ash. The reduced water cement ratio 
also contributed to the increased 
strength of the concrete ash 
compressive strength. 
2. Singh & 
Siddique 
(2014) [6] 
Compressive strength, 
drying shrinkage and 
chemical resistance of 
concrete 
incorporating coal 
bottom ash as partial 
or total replacement of 
sand 
After a curing period of 7 days, the 
concrete strength of the bottom ash 
concrete mixture decreases with the 
increase in coal bottom ash content. 
With age, the compressive strength of 
the bottom ash concrete mix increases 
at a faster rate than control concrete. 
After curing period of 90 days, the 
compressive strength of the bottom 
ash concrete mix exceeded the 
control concrete mix. 
3. Naganathan 
et.al (2015) [8] 
Performance of bricks 
made using fly ash and 
bottom ash 
Brick strength ranges between 7.13-
17.36 MPa which is higher than the 
strength required for conventional 
bricks. The strength increases with the 
increase in fly ash content. Peak value 
strength was achieved for the mixes 
with a BA: FA ratio of 1: 1.25 and a BA / 
C ratio of 0.45. 
4. Rafieizonooz 
et.al 
(2017) [10] 
Toxicity characteristics 
and durability of 
concrete containing 
coal ash as substitute 
for cement and river 
sand 
Coal ash concrete (CAC) performance 
in relation to compressive strength 
during the same control period is 
comparable to control concrete. After 
a curing period of 28 d the 
compressive strength of the control 
concrete was higher than the CAC 
specimen. When curing age increased 
however, so does the compressive 
strength of CAC specimens. After a 
curing period of 91 d, the compressive 
strength of the CAC specimen is close 
to the usual concrete. After 180 d, it 
exceeds the fig. obtained by the 
control concrete. 
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5. Rafieizonooz 
et.al 
(2016) [15] 
Investigation of coal 
bottom ash and fly ash 
in concrete as 
replacement for sand 
and cement 
 
The development of compressive 
strength of bottom ash with curing time 
is almost equal to that of control 
concrete. At a curing age of 7 d, there 
was a reduction in compressive 
strength in the bottom ash concrete 
mix compared to control concrete. 
With a longer curing period however, 
improved compressive strength in 
bottom ash concrete was observed. It 
can be concluded with some certainty 
that a significant increase in the 
compressive strength of bottom ash 
concrete after a curing period of 28 d 
was due to CBA pozzolanic activity. At 
the curing age of 91 d, the 
compressive strength of bottom ash 
block compaction is almost equal to 
that of control concrete and after 180 
d, it exceeded the compressive 
strength of control concrete. 
6. Singh & 
Siddique (2014) 
[19] 
 
Properties of concrete 
containing high 
volume of coal bottom 
ash as fine aggregate 
The compressive strength of the 
bottom ash concrete mix is developed 
in a manner comparable to the control 
concrete mix. During the initial curing 
period of 7 d with up to 50% 
replacement of sand in concrete, 
there was no significant reduction in 
compressive strength. The compressive 
strength of bottom ash concrete was 
15.16% lower than that of control 
concrete. As the curing period 
increased, a significant increase in the 
compressive strength of bottom ash 
concrete mix was observed. After a 
curing period of 28 d, the compressive 
strength of the bottom ash concrete 
mixture is comparable to the control 
concrete mixture and after 90 d, it 
exceeded the compressive strength of 
the control concrete mixture. 
7. Sukhoon Pyo & 
Hyeong-Ki Kim 
(2016) [20] 
Fresh and hardened 
properties of ultra-high 
performance concrete 
incorporating coal 
bottom ash and slag 
powder 
After a curing period of 28 days, the 
compressive strength of UHPC with fine 
aggregate and control BFS is similar to 
the control concrete mixture. 
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3.0 CONCLUSION  
The different concrete mixes had a lower permeability than pervious 
concrete but they achieved the standard permeability which is 10‾² 
cm/s. The abrasion resistance of concrete containing bottom ash is 
evaluated in comparison with normal concrete. Concrete ‘A’ had a 
lower abrasion resistance than concrete ‘B’ at the age of 28 days. On 
the other hand, the depth of wear increases when CBA content 
increases. However, hydration and pozzolanic reaction reduce the 
depth of wear as curing age increases. The abrasion resistance results 
were quite similar to the compressive strength results of CBA. Meanwhile, 
the physical properties of CBA affects drying shrinkage of concrete. 
Increasing percentages of CBA content in concrete causes the drying 
shrinkage of concrete to decrease. Based on previous research, the use 
of coal bottom ash as sand replacement has the potential to improve 
the compressive strength of concrete.   
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